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Abstract 

Increasing crop diversity via intercropping is a simple and effective strategy for reducing pest density. A field 
experiment was conducted at Research Farm of Tabriz University, Tabriz, Iran during 2014. The experiment was 
arranged as factorial, based on randomized complete block design with three replications. The first factor was 
four cropping systems including monocropping of faba bean and three row intercropping of faba bean with 
dragonhead and the second factor was three levels of fertilizers as 100% chemical fertilizer, 50% chemical 
fertilizer + biofertilizer and biofertilizer. The results indicated that the population density of black bean aphid 
(Aphis fabae) was affected by cropping pattern and fertilizer. Also at flowering stage the interaction effect of 
cropping pattern x fertilizer on population density of Aphis fabae was significant. The faba bean monocropping 
had the greatest mean number of Aphis fabae for all fertilizer treatments. Also the lowest density of Aphis fabae 
was observed at 1 faba bean - 1 dragonhead cropping patterns with application of biofertilizer. The population 
densities of Hippodamia variegata Goeze and Coccinella septempunctata L. were the lowest and greatest in faba 
bean monocropping and 1 faba bean - 1 dragonhead intercropping, respectively. Generally by application of 


biofertilizer, the effect of cropping pattern on reduction of Aphis fabae density increased. 
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Introduction 

Exploration of agricultural biodiversity that improve 
pest management is necessary in sustainable 
agricultural system to avoid environmental pollution 
caused by the over resilience on synthetic insecticides 
(Gurr et al., 2003). The modern growing systems 
imply the simplification of the structure of the 
environment over large areas of land, replacing 
natural plant diversity with only a limited number of 
cultivated plants in monocultures (Vandermeer et al., 
1998; Sachs, 2009; Amini et al., 2009; Amini et al., 
2013). Increasing crop species diversity via 
intercropping is a simple and effective measure that 
offers advantages at reducing pest densities (Smith 


and McSorley, 2000). 


Aphis fabae Scopoli (black bean aphid) is one of the 
major aphid pests in Iran. The Aphis fabae dominant 
coccenellid predators are Hippodamia variegata 
Goeze (lady beetle) and Coccinella septempunctata L. 
(seven-spot ladybird). C. septempunctata originated 
in Europe and Asia, but is now found throughout the 
Middle East, India and North America (Franzmann, 
2002). H. variegate is one of the best known and 
most common American lady beetles and is found 
from southern Canada to South America. Adults and 
larvae prey mainly on aphids. Reported preys include 
cotton, pea, melon, cabbage, potato, green peach, and 
corn leaf aphids. If aphids are scarce, beetles and 
larvae may feed on small insect larvae, insect eggs, 
mites and, occasionally, nectar, and honeydew 
secreted by aphids and other sucking insects (Hodek 
and Honek, 1996; Obrycki and Orr, 1990; Azimi and 
Amini, 2014). 


Intercropping or planting different crops as a 
traditional agricultural technique is used for reducing 
pest infestation in different geographical areas (Ma et 
al., 2006). The plant components of intercropping 
system do not necessarily have to be sown at the same 
time, but they should be grown simultaneously for a 
substantial part of their growth periods (Altieri and 
Letourneau, 1999). Components of intercropping 


system suffer significantly less damage from insects 


compared to their cultivation as a sole crops (Altieri 
and Letourneau, 1999) which has positive impact on 
yield (Sarker et al., 2007). Significantly lower 
population of insects was observed on the cowpea 
(Vigna unguiculata (L.) Walp intercropped with 
maize then on cowpea as a sole crop (Olufemi, and 
Odebiyi, 2001). Maize cultivated with cassava 
(Manihot esculenta Crantz) had significantly lower 
infestations by insects (Sesamia calamistis Hampson, 
Eldana Walker, 
nigrivenella Ragonot) up to 80% (Schulthess et al., 


saccharina and Mussidia 
2004). Rice (Oryza sativa L.) intercropped with 
peanut (Arachis hypogaea L.) had lower infestations 
by green stink bug (Vezara viridula L.) and stem 
borer (Chilo zacconius Blez) in comparison with rice 
monoculture (Epidi et al., 2008). The oviposition of 
turnip root fly (Delia floralis Fall.) was lower in 
cabbage-clover intercrop than that on cabbage 
monoculture. Disruption in the oviposition behavior 
of D. floralis by presence of clover caused reduction 
in the number of their pupae (Bjorkman et al., 2010). 
Strip intercropping of wheat and alfalfa significantly 
increased the egg and larval densities of the mite 
(Allothrombium ovatum) as well the percentage of 
wheat aphid (Macrosiphum avenae) which was 
parasitized by larval mites compared with the 


monoculture of wheat (Ke-Zheng et al., 2007). 


Plant growth-promoting rhizobacteria have been 
successful in promoting the growth of crops such as 
canola, soybean, lentil, pea, wheat and radish have 
been isolated (Timmusk et al., 1999). Khattak et al. 
(1996) observed that application of nitrogen alone 
increased the aphid infestation, whereas nitrogen and 
phosphorous in combination suppressed the aphid 
attack. Increases in the production cost, and the 
hazardous nature of chemical fertilizers for the 
environment has led to a resurgence of interest in the 
use of biofertilizers for enhanced environmental 
sustainability, lower cost production and good crop 
yields. Therefore, the objectives of this study were to 
evaluate the effects of faba bean-dragonhead 
intercropping patterns and fertilizer levels on 


population density of Aphis fabae and its natural 
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enemies Hippodamia  variegata Goeze and 


Coccinella septempunctata L. 


Materials and methods 

Site description and experimental design 

A field experiment was conducted during 2014 at 
Research Farm of Tabriz University, Tabriz, Iran 
(Latitude, 46° 17° E; 38° 05’ N, Altitude 1360m 
a.s.l.). The experiment was arranged as factorial, 
based on randomized complete block design with 
three replications. The first factor was four cropping 
systems including monocropping of faba bean; row 
intercropping of faba bean with dragonhead at three 
patterns (1 row faba bean-1 row dragonhead; 2 rows 
faba bean-1 row dragonhead; 3 rows faba bean-1 row 
dragonhead and the second factor was three levels of 
fertilizers as 100% chemical fertilizer, 50% chemical 
fertilizer + biofertilizer Azotobarvar and biofertilizer 
Azotobarvar. Chemical fertilizer included triple 
superphosphate and urea and biofertilizers were 
Azotobarvar (include free living nitrogen fixing 
bacteria). For 100% chemical fertilizer treatment, 
100kg/ha of triple superphosphate (46% P) and 200 
kg/ha urea (46% N) and for 50% chemical fertilizer + 
biofertilizer, the 50% of these quantities + 
Azotobarvar were used. Chemical fertilizers were 
applied at sowing time and biofertilizers applied 
through seed inoculation. The seeds of faba bean and 
dragonhead were sown by hand on 02 May 2014. Plot 
size in each cropping system was different and 
consisted of different number of rows of 4 m length, 
and the row distance for faba bean and dragonhead 


was 25 cm. The planting density for faba bean and 


dragonhead were 40 and 30 plants/m?, respectively. 


Sampling and data collection 

The sampling for Aphis fabae Scopoli (Hemiptera, 
Aphididae) and Hippodamia variegata Goeze and 
Coccinella septempunctata L. were done weekly from 
faba bean vegetative growth stage (30 days after 
planting) until flowering stage (65 days after 
planting) as described by Wang et al. (2009). The 
abundance of Aphis fabae and its natural enemies 


were recorded for each plot. At both stages, Aphis 


fabae Scopoli (black bean aphid), Hippodamia 
variegata Goeze (lady beetle) and Coccinella 
septempunctata L. (seven-spot ladybird) on all faba 
bean plants within a one square meter covering four 
rows of the plots were identified and recorded. Four 
sampling sites were chosen from each plot and ten 
randomly selected faba bean plants were used as a 


sampling unit (Alhmedi et al., 2007). 


Statistical analysis 

The experiment was conducted as factorial, based on 
randomized complete block design with three 
replications. The data of the experiments were 
subjected to analysis of variance (ANOVA). The 
obtained data for abundance of studied insects were 
transformed by log (n + 1) and were analyzed using 
ANOVA with SAS 9.1. The Duncan multiple range test 


was used to compare the means at p < 0.05. 


Results and discussion 

Aphis fabae Scopoli 

The results of analysis of variance indicated that the 
population density of black bean aphid (Aphis fabae) 
at vegetative stage was affected by cropping pattern (p 
< 0.01) and fertilizer (p < 0.05) (Table 1). The 
interaction effect of cropping pattern x fertilizer on 
population density of Aphis fabae was not significant 
(Table 1). 


The mean comparison showed that highest number of 
Aphis fabae (366) was obtained in faba bean 
monocropping that was not significantly different 
with 3-1 faba bean-dragonhead cropping pattern (Fig. 
1). The 1 faba bean-1dragonhead cropping pattern had 
the lowest mean number of Aphis fabae that was not 
significantly different with 2 faba bean-idragonhead 
cropping pattern. These results revealed that by 
increasing the proportion of dragonhead in 
intercropping the Aphis fabae density decreased in 
comparison with faba bean monocropping. The 100% 
chemical fertilizer treatment had the highest mean 
number of Aphis fabae and also was not significantly 
different with 50% chemical fertilizer + biofertilizer 


treatment (Fig. 2). The biofertilizer treatment had the 
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lowest mean number of Aphis fabae and also was significantly different with other fertilizer treatments. 


Table 1. The results of analysis of variance for population densities of Aphis fabae, Hippodamia variegata and 


Coccinella septempunctata at vegetative and flowering stages of faba bean, affected by cropping patterns and 


fertilizers. 
MS 
Aphis fabae Hippodamia Coccinella 
S.0.V df variegata septempunctata 
Vegetative Flowering Vegetative Flowering Vegetative Flowering 

Block 2 0.83 2.39 0.011 0.25 0.03 0.21 
a PBCieED 3 17.4** 23.1** 0.61* 2.311* 0.315* 0.641* 
Fertilizer (F) 2 12.18* 12.4* 0.234 0.783 0.025 0.127 
CPXF 6 2.9 10.8* 0.131 0.153 0.035 0.456 
Error 22 4.7 4.3 0.091 0.216 0.035 0.153 
Total 35 --- --- --- --- --- --- 
CV (%) --- 16.5 21.7 14.01 13.54 17.61 19.61 


*Statistically significant at p<0.05. ** significant at p< 0.01. 
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Fig. 1. Effect of different faba bean - dragonhead cropping patterns on mean number of Aphis fabae. Different 


letters indicate significant difference at p < 0.05. 
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Fig. 2. Effect of different fertilizer treatments on mean number of Aphis fabae. Different letters indicate 


significant difference at p < 0.05. 
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Analysis of variance indicated that at flowering stage, 
the effect of cropping pattern (p < 0.01) and fertilizer 
(p < 0.05) was significant on population density of 
black bean aphid (Aphis fabae). Also the interaction 
effect of cropping pattern x fertilizer was significant 
(p < 0.05) on population density of Aphis fabae 
(Table 1). The faba bean monocropping had the 
highest mean number of Aphis fabae for all fertilizer 
treatments. In this cropping pattern the mean 
number of Aphis fabae for 50% chemical fertilizer + 
biofertilizer and biofertilizer treatments were not 
significantly different (Fig. 3). In 3 faba bean - 1 
dragonhead cropping pattern, the population 
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densities of Aphis fabae for 100% chemical fertilizer 
and 50% chemical fertilizer + biofertilizer treatments 
were not significantly different and the biofertilizer 
treatment had the lowest density of Aphis fabae. In 2 
faba bean - 1 dragonhead and 1 faba bean - 1 
dragonhead cropping patterns, the mean number of 
Aphis fabae was significantly lower than that of 100% 
chemical fertilizer and 50% chemical fertilizer + 
biofertilizer levels. These results indicate that by 
application of biofertilizer, the effect of cropping 
pattern on reduction of Aphis fabae density 


increased. 
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Fig. 3. The interaction effect of faba bean - dragonhead cropping pattern ~< fertilizer treatment on mean 


number of Aphis fabae. Different letters indicate significant difference at p < 0.05. 


Hippodamia_ variegata Goeze and _ Coccinella 
septempunctata L. 

The results of analysis of variance indicated that the 
mean number of Hippodamia variegata at flowering 
and flowering stages, were affected significantly (p < 
0.05) by cropping pattern (Table 1). The mean 
comparison for vegetative growth stage showed that 
the mean number of Hippodamia variegata at all 
cropping patterns with dragonhead were significantly 
greater than that of faba bean monocropping (Fig. 4). 
The 1 faba bean — 1 dragonhead cropping pattern had 
the greatest mean number of Hippodamia variegate 
that was not significantly different with 2 faba bean - 
1 dragonhead cropping pattern. The 3 faba bean - 1 
dragonhead cropping pattern had greater mean 


number of Hippodamia variegata than faba bean 


monocropping but lower than other cropping 


patterns. 


The results for mean number of Hippodamia 
variegate at faba bean flowering stage showed that all 
faba bean - dragonhead intercropping patterns had 
significantly greater mean number of Hippodamia 
than faba bean monocropping (Fig. 4). Generally the 
results indicate that by increasing the proportion of 
dragonhead at intercropping patterns, the mean 
number of Hippodamia variegata increased. The 
ifaba bean - 1 dragonhead intercropping pattern had 
the greatest mean number of Hippodamia variegate 
and was significantly greater than that of 2 faba bean 


- 1 dragonhead intercropping pattern. 
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Fig. 4. The effect of different faba bean - dragonhead cropping patterns on mean number of Hippodamia 


variegata in vegetative growth and flowering stages. Different letters indicate significant difference at p < 0.05. 


The results of analysis of variance indicated that the 
mean number of Coccinella septempunctata at 
flowering and flowering stages, were affected 
significantly (p < 0.05) by cropping pattern (Table 1). 
The mean comparison for vegetative growth stage 
showed that the mean number of Coccinella 
septempunctata at all cropping patterns with 
dragonhead were significantly greater than that of 


faba bean monocropping (Fig. 5). The 1 faba bean — 1 
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dragonhead cropping pattern had the greatest mean 
number of Coccinella septempunctata that was 
significantly different with 2 faba bean - 1 dragonhead 
cropping pattern. The 3 faba bean - 1 dragonhead 
cropping pattern had greater mean number of 
Coccinella. septempunctata than faba _ bean 
monocropping but was not significantly different with 


2 faba bean - 1 dragonhead cropping pattern. 
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Fig. 5. The effect of different faba bean - dragonhead cropping patterns on mean number of Coccinella 


septempunctata L. in vegetative growth and flowering stages. Different letters indicate significant difference at p 


< 0.05. 


The results for mean number of Coccinella 
septempunctata at faba bean flowering stage showed 


that 1 faba bean - 1 dragonhead and 2 faba bean - 1 


dragonhead intercropping patterns had significantly 
greater mean number of Coccinella septempunctata 


than faba bean monocropping (Fig. 5). The mean 
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number of Coccinella septempunctata in 3 faba bean 

- 1 dragonhead intercropping pattern was not 
significantly different with faba bean monocropping. 
Generally the results indicate that the mean number 
of Coccinella septempunctata increased as_ the 
proportion of dragonhead at intercropping patterns 


increased. 


The experiments demonstrated that row and strip 
intercropping of faba bean - dragonhead was benefit 
to reduce Aphis fabae population density. It suggests 
that the increasing biodiversity make suitable niche 
for natural enemies which induce biocontrol of pests 
(Stiling et al., 2003). The addition of second crop 
could be useful for natural enemies by providing them 
with favorable microclimate (Hossain et al., 2002) or 
a supply of plant-based foods (pollen and nectar) 
(Wackers et al., 2007). Zhang and Li (1996) found 
that the strip intercropping resulted in a moister, 
shadier soil surface microclimate which caused adult 


female mites to lay more egg pods. 


Our results showed that different row ratio of 
intercropping had different results. The mean number 
of Aphis fabae in faba bean monocropping and 1 faba 
bean - 1 dragonhead were the lowest and greatest, 
respectively. When the faba bean row number 
increased we observed that the mean number of 
Aphis fabae increased and the density of 

Hippodamia variegata and Coccinella 
septempunctata L. decreased in comparison with 
cropping patterns with lower ratio of faba bean. 
Lavandero et al. (2006) also observed that the 
number of parasitoids decreased significantly with the 
distance from the flowers. Our results revealed that 
intercropping gave a control advantage for faba bean 
aphid by reduction of its population and increasing 
the population densities of its natural enemies 
Hippodamia variegata and Coccinella 
septempunctata L.. Wang et al., (2009) found that 
the densities of S. avenae were significantly higher on 
the monoculture pattern than on either the 8-2 
intercropping pattern or the 8-4 intercropping 


pattern. Also we found that the mean number of 


Aphis fabae and its natural enemies; Hippodamia 
variegata and Coccinella septempunctata L. in faba 
bean flowering were greater than them in vegetative 


growth stage. 


The results showed that application of 100% chemical 
fertilizers increased the Aphis fabae density but had 
no significant effect on population density of Aphis 
fabae natural enemies that it is in agreement with Ge 
et al., (2003). Singh et al., (1995) found that an 
increase in the level of nitrogen application resulted 
in an increase of Indian mustard density by Lipaphis 
erysimi, while significant reductions in infestation 
were observed due to addition of phosphorus and 
potassium. We also found that application of 
biofertilizer reduced mean number of Aphis fabae, 
especially in ifaba bean-1 dragonhead cropping 


pattern. 


It could be concluded that intercropping patterns 
cause increased crop diversity in the agro-ecosystems 
which significantly affected the abundances of insects 
and also their natural enemies. The population 
densities of Aphis fabae in the intercropping patterns 
such as 1 faba bean-1 dragonhead and 2 faba bean-1 
dragonhead were significantly lower than those in the 
faba bean monoculture. Also the population densities 
of natural enemies Hippodamia variegata and 
Coccinella septempunctata L. were the greatest in 1 
faba bean-1 dragonhead. Therefore using 
intercropping systems and also biofertilizers could 
help growers to management pest population and also 
reduce chemical insecticide and fertilizers application 
that is consistent with sustainable and organic 


agriculture. 
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